The effects of microwave-assisted extraction (MAE) were investigated on extraction of phenolic compounds from strawberry fruit. Response surface methodology (RSM) was used to optimize the extraction conditions. A face-centered central composite design (FCCCD) was employed to determine the effects of independent variables such as microwave power (100-300 W), extraction time (2-16 min) and solvent to sample ratio (5:1-25:1 mL g -1 ) on the extraction yield and total phenolic content (TPC). Optimized conditions were determined as 265 W of microwave power, 2 min of extraction time and 24:1 mL g -1 of solvent to sample ratio. 
Introduction
Strawberry belongs to the Rosaceae family, the genus Fragaria (Sargent et al., 2007) and is one of fruit with high demand both in Turkey and worldwide. Strawberry grows wildly in especially Mediterranean region of Turkey (Kafkas et al., 2007) . According to data of Food and Agriculture Organization (FAO), Turkey with 376 070 tonnes is one of the biggest strawberry producers around the world (FAOSTAT, 2014) .
Strawberry fruit contains high amount of phytochemicals, most of which are phenolic compounds. Phenolics have one or more aromatic rings with hydroxyl groups (Paredes-Lopez et al., 2010) . They are secondary plant metabolites and are made up of several classes of compounds including flavonoids such as anthocyanins, catechins and flavonols, phenolic acids, tannins and stilbenes. These phenolics present beneficial effects in human health and prevent chronic diseases (Ljevar et al., 2016) . Strawberries have a great antioxidant capacity due to including phenolics such as anthocyanins (Ayala-Zavala et al., 2007; Hornedo-Ortega et al., 2016) . In addition, phenolics have also been found effective in other biological mechanisms such as anti-inflammation action (Zhang and Tsao, 2016) , cancer enzyme inhibition (Huang et al., 2009) , antimutagenic activity (Nile and Park, 2014) , antimicrobial activity (Nohynek et al., 2006) , neuroprotective property (Fortalezas et al., 2010) , nitric oxide production inhibition (Del Rio et al., 2010) and chemoprotective enzyme inducement (Yang and Liu, 2009) .
The increasing interest in bioactive components is accompanied by a requirement to investigate new extraction techniques that can be more effective. Traditional techniques such as soxhlet, maceration and solvent extraction are used for extraction of valuable compounds from plant materials for many years (Carniel et al., 2016) . However, classical extraction methods are time consuming, require large volumes of solvent. Moreover, they often generate heat, consequently lead to degradation of thermolabile compounds. Therefore, faster and efficient extraction techniques are being explored such as accelerated solvent extraction (ASE), ultrasound-assisted extraction (UAE), supercritical-fluid extraction (SFE), extraction with supercritical or subcritical water and microwave-assisted extraction (MAE) (Bai et al., 2007; GarciaSalas et al., 2010; Azmir et al., 2013) .
MAE is an extraction technique that use microwave irradiation to generate heat, causing a cell disruption which makes extraction of a target compound from materials easier (Chan et al., 2011) . MAE has many advantages over more traditional extraction methods, including considerably reduced extraction time and solvent usage, better extraction yield and suitable for heatsensitive constituents. Additionally, the uniform nature of microwave radiation aids in the repeatability and reproducibility of extractions (Kaufmann and Christen, 2002; Mandal et al., 2007) . MAE is gaining interest due to advantages mentioned above but any study regarding MAE of phenolic compounds from strawberry has not been reported yet.
Main objectives of the present study were to evaluate the influences of extraction variables (microwave power, extraction time and solvent to sample ratio) on the extraction yield and total phenolic content (TPC) and to apply the response surface methodology (RSM) approach to optimize the extraction variables for phenolic extraction from strawberry.
Material and Methods

Fruits and reagents
Organic strawberries (Fragaria ananassa Duch., family Rosaceae) were purchased from an organic farm, Bursa, Turkey. Strawberries were stored in freezer at -20 °C until processing.
Ethanol, citric acid, folin-ciocalteu's phenol reagent, sodium carbonate (Na 2 CO 3 ), gallic acid, sodium acetate trihydrate (Wu et al., 2012) . Total volume was kept constant at 72 mL. Strawberries were crushed by using Waring blender (HGB150, USA). Crushed strawberries were mixed with ethanol and extracted using different power, extraction time and solvent to sample ratio according to experimental design conditions. After extraction process, the mixture was centrifuged at 6000 rpm at 25 o C for 10 min and supernatants were recovered. Solvent was evaporated using the rotary vacuum evaporator (Model VV 2000, Heidolph, Germany) and extracts were stored at -18 o C until the analyses were performed. The extraction yield was calculated by using following Equation (1).
Extraction yield (%) = (g extract/ g strawberry) x 100
(1)
Determination of moisture content 3-5 g of strawberry were weighed on aluminum tray and put in a drying oven at 105 o C until achieving constant weight. The dried strawberries were weighed again and the dried matter that remained was determined. All measurements were done in triplicate and the average values were determined.
Total phenolic content (TPC) by FolinCiocalteu's assay
The Folin-Ciocalteu method adapted from Singleton et al. (1999) was used to determine total phenolic compound of samples. TPC values were expressed as gallic acid equivalents (GAE) in mg per g of dry strawberry. All measurements were done in triplicate and the average values were determined.
Total anthocyanin content (TAC) by pHdifferential method
Anthocyanins content of samples was determined by the pH-differential method (Lee et al., 2005) . Total anthocyanins of samples were expressed as the amount of cyanidin-3-glucoside equivalents with unit of mg per g dry strawberry. All measurements were done in triplicate and the average values were determined.
DPPH-scavenging activity assay
The DPPH radical scavenging activity of samples was measured according to procedure described by Brand-Williams et al. (1995) . The results were expressed as a DPPH free radical scavenging activity EC 50 value, which reflects 50% depletion of the free radical. DPPH tests were done in triplicate and the average values were determined.
Ferric reducing antioxidant power (FRAP) assay
The total antioxidant potential of strawberry fruit and extract was determined using a modification FRAP assay of Benzie and Strain (1996) . Results were expressed as trolox equivalents (TE) in μmoles per g of dry strawberry. All measurements were done in triplicate and the average values were determined.
Experimental Design and Optimization by Response Surface Methodology
RSM was chosen to determine the optimal conditions for MAE from organic strawberry. The RSM was performed using Design Expert (Stat-Ease, Design-Expert software, version 7). The effect of the independent variables; microwave power (100-300 W), extraction time (2-16 min) and solvent to sample ratio (5:1-25:1 mL g -1 ) was investigated using a three-factor, three-level face-centered central composite design central composite design (FCCCD). The complete design consists of 20 runs, including six replications of the centre points.
The fitness of the model was determined by evaluating the Fisher test value (F-Value) and the coefficient of determination (R 2 ) as obtained from an analysis of variance (ANOVA). The level of significance for all tests was set at 95% confidence level. The generalized quadratic model for the responses is given in Equation (2): (2) Where Y 1 is the response of extraction yield and Y 2 is the response of TPC. β 0 , β i , β ii and β ij are the regression coefficients for the model constant, linear, quadratic and interaction terms of independent variables i and j, respectively, and X i and X j are the independent variables.
Results and Discussion
Experimental design and model fitting
The first step in this study was to determine the selection of the proper ranges of process parameters. The ranges of independent variables were selected for optimization based on previous studies (Mandal et al., 2007; Zheng et al., 2013 ) that deal with the extraction of phenolics by MAE and preliminary experiments. Processing parameters were decided as 100-300 W of microwave power, 2-16 min of extraction time and 5:1-25:1 mL g -1 of solvent to sample ratio. The responses were the extraction yield and TPC. Table 1 shows the effect of microwave power, extraction time and solvent to sample ratio on yield and TPC of extracts obtained from strawberry. According to results obtained from experimental design set, the extraction yield and TPC ranged from 6.90 to 9.69 % and 16.59 to 21.58 mg GAE g -1 dry strawberry, respectively. Experimental data were statistically analyzed through ANOVA and results were shown in Table 2 . From Table 2 , the lack of fit values of the selected models were clearly not significant (p> 0.05). This indicated that this model could explain suitably the relationship between the response and the independent variables. This was also confirmed by the high values of R 2 (0.9083 for the extraction yield and 0.9441 for TPC). Regression models for extraction yield and TPC were obtained from the regression results and backward elimination by means of elimination the non-significant factors in the models. Some linear, quadratic or interaction terms were not eliminated by backward elimination to keep the hierarchy of the model even if they were not significant. The resulting equations for the fitted model are shown below: Three dimensional response surface curves and contour plots (Figure 1 and 2) were used to show the effects of process variables on the responses. The response surface and contour plots indicated that the effect of two variables on the dependent variable described by the quadratic polynomial equation while third variable was kept constant at middle level, 15:1 mL g -1 (solvent to sample ratio), 9 min (extraction time) and 200 W (microwave power). The effect of microwave power on the extraction yield and TPC The effects of microwave power in range 100 to 300 W were investigated on the extraction yield and TPC. Microwave power displayed significant (p<0.05) positive linear effect on the extraction yield. Extraction yield went up linearly with increase of microwave power (Figure 1 ). Short extraction time for MAE might lead to the linear increase of microwave power on the extraction yield (Sinha et al., 2012; . Moreover, increase in microwave power results in the rupture of the cell walls and enhance the extraction yield due to easier penetration of the solvent into the plant matrix (Mendes et al., 2016) .
It was found that linear effect of microwave power has no significant (p>0.05) effect on TPC extracted from strawberry (Table 2) . In other words, phenolic extraction of strawberry can be conducted easily in a short time without the necessary high microwave power. Similar results were reported by some authors who studied the effect of microwave power on extraction of flavonoids (Gao et al., 2006; Chen et al., 2008; Garofulic et al., 2013) . Figure 2 shows interaction between microwave power and extraction time on TPC. Even though microwave power did not seem to be Extraction time (min) Solvent to solid ratio (mL/g) significant, its interaction with extraction time was observed as negatively significant (p<0.05) according to the ANOVA results (Table 2) . It can be interpreted that increasing microwave power with decreasing extraction time or vice versa result in higher amount of phenolics extracted. In other words, high microwave power is only preferable with short extraction time to prevent the degradation of phenolic compounds (Ballard et al., 2010) .
Figure 2. Response surface plots between coupled independent variables for TPC Şekil 2. Eşleştirilmiş bağımsız değişkenler arasında toplam fenolik içerik (TPC) açısından yanıt yüzey grafikleri
The effect of extraction time on the extraction yield and TPC When the effect of time on the extraction yield was evaluated, the most effective process variable was extraction time with its lowest p value and the highest F value (Table  2) . Extraction time significantly (p<0.05) affected the extraction yield in both positively linear and negatively quadratic manner. It could be explicated that the extraction yield increased with the increase of the extraction time, and nearly reached a peak at the highest extraction time tested (Figure 1) .
It was observed that extraction time had considerably effect on TPC along with solvent to sample ratio. Positive coefficients for extraction time depicted linear effects Extraction time (min) Solvent to solid ratio (mL/g) that increase TPC. Additionally, extraction time and solvent to sample ratio have significant positive interactive influences on TPC when microwave power was kept at 200 W. It was determined that extraction time had positive quadratic effect.
The effect of solvent to sample ratio on the extraction yield and TPC Solvent to sample ratio with positive linear regression coefficient showed significant effect (p < 0.05) on the extraction yield (Table 2) . Also, the effect of solvent to sample ratio on the extraction yield was found to increase up to 20:1 solvent to sample ratio and later decreased with further solvent to sample ratio due to its positive linear and negative quadratic effect.
Solvent to sample ratio was determined as the most effective independent variable for TPC. Solvent to sample ratio has a significantly (p < 0.05) positive effect on total phenolics extracted. This means that, the amount of phenolics extracted from strawberry increases as solvent to sample ratio increases. Pinelo et al. (2005) and Zheng et al. (2013) were reported similar results about the effect of solvent to sample ratio on the extraction of phenolic compounds.
Model optimization and verification
Optimal conditions of MAE were determined using FCCCD. The optimum conditions were predicted as 265 W of microwave power, 2 min of extraction time, 24:1 g mL strawberry, respectively. It was understood from the results that antioxidant compounds in strawberry fruit could be extracted effectively by using MAE. These results also confirm that functional properties of phenolics, especially anthocyanins in strawberry were preserved after MAE. 
Conclusion
In the present study, phenolics in strawberry fruit could be efficiently extracted using optimized MAE technique. All of independent variables (microwave power, extraction time and solvent to sample ratio) showed a significant effect on extraction yield. However, microwave power did not show significant effect on TPC. Extraction time and solvent to sample ratio influenced the TPC significantly. Extraction time was the most significant variable on the extraction yield, followed by solvent to sample ratio whereas the most effective variable on TPC was solvent to sample ratio, followed by extraction time. Microwave power was the least significant variable for both the extraction yield and TPC. Results of DPPH and FRAP were also proved that the extracts produced at optimum conditions had high antioxidant activity. As a result, MAE is an efficient technique with high extraction yield and short time to extract the valuable compounds from strawberry.
